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nucleic acid to the bitunctional material, the bifunctional
material being positively charged at the first pH; and releasing
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METHOD OF ISOLATING A NUCLEIC ACID
USING A MATERIAL CONTAINING AN
AMINO GROUP AND A CARBOXYL GROUP
AND POSITIVELY CHARGED AT A FIRST PH
AND A SOLID MATERIAL FOR NUCLEIC
ACID ISOLATION USED FOR THE METHOD

CROSS-REFERENCE TO RELATED PATEN'T
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2005-0030286, filed on Apr. 12, 2003, 1n the

Korean Intellectual Property Office, the disclosure of which is
incorporated herein 1n its entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of 1solating a
nucleic acid using a material containing an amino group and
a carboxyl group and positively charged at a first pH and to a
solid material for 1solating a nucleic acid which can be used
tor the method.

2. Description of the Related Art

Methods of 1solating nucleic acids using pH dependent 1on
exchange matrices are known. For example, U.S. published
patent application No. 2001/0018513 describes a method of
1solating a nucleic acid using a material containing an 1onis-
able group which 1s positively charged at a first pH such that
it can be bound to the nucleic acid and releasing the nucleic
acid at a second pH which 1s higher than the first pH.
Examples of the material containing an 1onisable group
include N-2-acetamido-2-aminoethanesulfonic acid (ACES),
N-2-acetamido-2-imidodiacetic acid (ADA), N-trihy-
droxymethyl-methyl-2-aminoethanesulfonic acid (TES) and
trihydroxymethylaminoethane (Tris), etc. U.S. Pat. No.
6,310,199 describes amethod of 1solating anucleic acid using
a pH dependent 10n exchange, the matrix comprising a silica
magnetic particle and a plurality of first 10n exchange ligands,
cach first 1on exchange ligand comprising an aromatic hydro-
carbon ring, a spacer covalently attached to the aromatic
hydrocarbon ring, and a linker comprising a linker alkyl chain
attached to the silica magnetic particle at its first end and
attached to the spacer at its second end.

However, there 1s still a need for matenals a containing
ionisable group which can bind to the nucleic acids at a high
speed and have a high efficiency of releasing the nucleic aids
when pH 1s increased, even using the above methods.

Thus, the inventors of the present invention searched for
materials which can bind to the nucleic acids at a higher speed
to adsorb the nucleic acids more rapidly and have a remark-
ably high efliciency of releasing the nucleic aids when pH 1s
increased, and discovered bifunctional materials containing
both an amino group and a carboxyl group.

SUMMARY OF THE INVENTION

The present invention provides a method of rapidly 1solat-
ing a nucleic acid 1n a high efficiency, using a material which
binds to the nucleic acid at a high speed and has a high
eiliciency of releasing the nucleic aid when pH 1s increased.

The present mvention also provides a solid material for
1solating a nucleic acid which can be used for the above
method.

According to an aspect of the present invention, there 1s
provided a method of 1solating a nucleic acid from a sample
comprising the nucleic acid, comprising: contacting the
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2

sample with a bifunctional material containing an amino
group and a carboxyl group at a first pH to bind the nucleic
acid to the bifunctional material, the bifunctional material
being positively charged at the first pH; and releasing the
nucleic acid at a second pH which 1s higher than the first pH,
wherein the bifunctional material has formula 1 or 2,

(1)
HN—A—NH

Y—(CHE)H/ \(CHz)n—Y,
wherein
n 1s an integer from 1 to 10,
A 1s
O O O

COOH,

)‘k F ‘ COOH F ‘
HOOC/ N : HOOC/ N
HOOC P COOH
N
O

wherein x 1s O, CO, S, SO,, CH,, C(CH,), or C(CF,),,

<

HOOC —— I —— COOH
™ X

O
=z
AN

(wherein a carbonyl group and a carboxyl group may be
substituted on any carbon position except for a linking portion
of the rings),

O
0 COOH
HOOC
, Or COOH,
HOOC 0
O
and
Y 1s a nitrogen-containing heterocyclic base,
(2)
\< X \< zyo’
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wherein

R, and R, may be 1dentical or different and each indepen-
dently selected from the group consisting of a —OH group
and a —NH(CH,) Y group, wherein n and Y are as detined
above,

R, 1s a C1-10 alkyl group, and
I 1s an 1nteger from 1 to 30,000.

The above and other features and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereof.

DETAILED DESCRIPTION OF THE INVENTION

In formula 1, A 1s a derivative of tetracarboxylic acid dian-
hydride containing two carboxyl groups and two carbonyl
groups, selected from the group consisting of pyromellitic
dianhydride, 3,3'.4.4'-biphenyltetracarboxylic dianhydride,
2.,2'.3,3"-biphenyltetracarboxylic dianhydride, 2,3,3",4'-bi-
phenyltetracarboxylic dianhydride, 1,2,4,5-benzenetetracar-

boxylic dianhydride, 3,3".4,4'-benzophenonetetracarboxylic
dianhydride, 2,2',3,3'-benzophenonetetracarboxylic dianhy-

dride, 2,3,3'.4'-benzophenonetetracarboxylic dianhydride,
bis(3,4-dicarboxyphenyl) ether dianhydride, bis(3,4-dicar-
boxyphenyl)sulfone dianhydride, 1,4,5,8-naphthalenetetra-

1,2,5,6-naphthalenetetracarboxylic
dianhy-
2,2-bis(3,4-dicarboxyphenyl)-hexatluoropropane

carboxylic dianhydride,
dianhydride,
dride,

2.,3,6,7-naphthalenetetracarboxylic

dianhydride, cyclobutanetetracarboxylic dianhydride, meth-
ylcyclobutanetetracarboxylic dianhydride, and 1,2,3,4-tetra-
carboxybutane dianhydride, wherein each carbonyl group
may be bound to —NH.

In formula 1,Y 1s a nitrogen-containing heterocyclic base.
Y may be selected from the group consisting of a pyridinyl
group and an 1midazolyl group, but 1s not limited thereto.

In formula 2, when R, and/or R, 1sa—NH(CH,), Y group
wheremn Y 1s a nitrogen-containing heterocyclic base, Y may
be selected from the group consisting of a pyridinyl group and
an 1midazolyl group, but 1s not limited thereto.

According to an embodiment of the present invention, the
method includes contacting the sample with a bifunctional
material containing an amino group and a carboxyl group at a
first pH to bind the nucleic acid to the bifunctional material,
the bifunctional material being positively charged at the first
pH. The sample comprises a nucleic acid, and examples of the
sample 1nclude a biological sample, such as blood and a
solution containing cells, and a nucleic acid solution, such as
a solution containing PCR products.

According to an embodiment of the present imnvention, the
material to which the nucleic acid 1n the sample 1s bound 15 a
bifunctional material containing an amino group and a car-
boxyl group and positively charged at the first pH. The mate-
rial may be a compound 1tself or a solid material having these
functional groups immobilized on a solid substrate. The solid
substrate may be selected from the group consisting of sili-
cone, glass, and plastic materials, but 1s not limited thereto.

According to an exemplary embodiment of the present
invention, the material may have formula 1, wherein n 1s an
integer from 1 to 10, A 1s
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4
O O O
COOH )‘\/dl\
HOOC or HOOC COOH,
O
and Y 1s
/‘*\‘ _<_\
—N or N,
\=N \ /

or formula 2, wherein R, and R, may be 1dentical or different
and each independently selected from the group consisting of
a —OH group and a —NH(CH,), Y, wherein n and Y are as
defined above, R, 1s a C1-10 alkyl group, and I 1s an integer
from 1 to 30,000.

More preferably, the material may have formula 1, wherein
n 1s an mteger from 1 to 3, A 1s

O O O
COOH )JUH\
HOOC or HOOC COOH,
O

and Y 1s

/\\\-‘ _<=\

—N or N,

\=N \ V4

or formula 2, wherein R, and R, may be identical or different
and each independently selected from the group consisting of
a —OH group and a —NH(CH,), Y, wherein n and Y are as
defined above, R, 1s a C1-10 alkyl group, and I 1s an integer

from 1 to 30,000.
The compounds having formulae 1 and 2 contain an amino

group and a carboxyl group. In the compound having formula
1, a ratio of a positive charge to a negative charge may be
about 2:1 at the first PH. In the compound having formula 2,
a ratio of the —OH group to the —NH(CH,) Y group
wherein n 1s an integer from 1 to 10 and Y 1s a nitrogen-
containing heterocyclic base group may be about 2:1.

According to an embodiment of the present invention, the
compound having formula 1 may be obtained by reacting
tetracarboxylic acid dianhydride, such as 1,2,4,5-benzene tet-
racarboxylic acid dianhydride with NH,(CH,), Y, wherein n
1s an integer from 1 to 10 and Y 1s a nitrogen-containing
heterocyclic base, such as 4-(aminomethyl)pyridine or 1-(3-
aminopropyl imidazole. Further, the compound having for-
mula 2 may be obtained by reacting a compound having
formula 3 with NH,(CH,), Y whereinn 1s an integer from 1 to
10 and Y 1s a nitrogen-containing heterocyclic base. The ratio
of the —OH group to the —NH(CH,) Y group in the result-
ing compound having formula 2 may be adjusted by control-
ling a concentration of NH,(CH,) Y 1n the reaction mixture.
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(3)

OXOYO
T

OXOYO
( R

wherein

R, 1s a C1-10 alkyl group, and

I 1s an 1nteger from 1 to 30,000.

The compound having formula 3 may be a compound
having formula 4.

hOAhOd
( (CHZ)m }1

wherein

m 1s an integer from 1 to 10, and

I 1s an 1nteger from 1 to 30,000.

The compound having formula 3 1s a polyanhydride poly-
mer. The polymer can easily be 1solated from a solution using,
an 1solation process, for example, centrifugation. Thus, the
nucleic acid may be easily 1solated from the polymer of
formula 2 by binding the nucleic acid to the polymer of
formula 2 obtained from the polymer of formula 3, 1solating
the resultant nucleic acid-polymer from the solution, and
cluting the 1solated nucleic acid-polymer at the second pH.

According to another exemplary embodiment of the
present invention, the material 1s a solid material having a
group having formula 5 or 6 immobilized on a solid substrate:

(4)

()

NH

\

(CHy)n—Y,

A

wherein
n, A, and Y are defined as 1n formula 1,

(6)
R] Rl

O O O O
X_K (CHz)m=
wherein

R,, R,, and I are defined as in formula 2, and

m 1s an integer from 1 to 10.
Examples of the group having formula 5 or 6 may include
a group having formula 35, whereinn 1s an integer from 110, A

is
0

A~

R

HOOC

COOH

HOOC

or COOH,
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and Y 1s

=\
\_7

S

\=N

ar

or a group having formula 6, wherein R, and R, may be
identical or different and each independently selected from
the group consisting of a —OH group and a —NH(CH,) Y,
wherein n 1s an iteger from 1 to 10 and Y 1s

~

—N
\=N

—\
\_7

Qr

R, 1s a C1-10 alkyl group, I 1s an integer from 1 to 30,000.
More preferably, 1n formula 6, R, and R, may be 1dentical or
different and each independently selected from the group
consisting of a —OH group and a —NH(CH,), Y, wherein n
1s an mteger from 1 to 10,Y 1s

~

—N
\=N

—\
\ 7/

Qr

R, 1s a C1-10 alkyl group, 1 1s an integer from 1 to 30,000, a
ratio of the —OH group to the —NH(CH,) Y group being
about 2:1.

In the present exemplary embodiment, the solid substrate
may be selected from the group consisting of silicone, glass,
and plastic materials, but 1s not limited thereto. Further, the
solid substrate may be activated such that the group having
formula 5 or 6 1s immobilized thereon. For example, the solid

substrate may be coated with an active group, such as an
amino group.

According to an embodiment of the present invention, the
solid material having the group having formula 5 or 6 1immo-
bilized on a solid substrate may be produced using any 1mmo-
bilization method which 1s known in the art. For example, the
solid material may be produced by reacting tetracarboxylic
acid dianhydnide, such as 1,2,4,5-benzene tetracarboxylic
acid dianhydride with a solid substrate (for example, silicone,
glass, or plastic materials) coated with an amino group, such
as NH,(CH,), NH,, to immobilize 1t on the substrate, and
then, reacting a compound of NH,(CH,), Y, wherein n 1s an
integer from 1 to 10 and Y 1s a nitrogen-contaiming heterocy-
clic base (for example, 4-(aminomethyl)pyridine or 1-(3-ami-
nopropyl imidazole) with the resultant solid substrate. Fur-
ther, the solid material having a functional group having
formula 6 immobilized thereon may be produced, for
example, by reacting the polyanhydride having formula 3
with a substrate coated with an amino group to immobilize the
functional group on the substrate, and then, reacting a com-
pound of NH,(CH,) Y wherein n 1s an integer from 1 to 10
and Y 1s a nitrogen-containing heterocyclic base (for
example, 4-(aminomethyl)pyridine or 1-(3-aminopropyl)
imidazole) with the resultant solid substrate.
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According to an embodiment of the present invention, the
first pH may be less than a pK  value of a carboxyl group 1n
the compounds having formulae 1 and 2 or the groups having
formulae 5 and 6. Specifically, the first pH may be 2-3.5, but
1s not limited thereto.

The method according to an embodiment of the present
invention includes 1solating the nucleic acid from the result-
ant material-nucleic acid at the second pH which 1s higher
than the first pH. The 1solation of the nucleic acid includes
1solating the nucleic acid-bifunctional material complex from
the mixture and eluting the complex with a solution having,
the second pH.

The second pH may be any pH that 1s higher than the first
pH, and preferably may 5-10. The solution used for eluting,
the nucleic acid-bifunctional material complex may be water
or a bufler, etc.

According to another embodiment of the present invention,
there 1s provided a solid material having a group having
formula 5 or 6 immobilized on a solid substrate:

()
— A—NH

(CHp)n—Y,

wherein
n, A, and Y are as defined above,

R, R R, R
0\< : >/o 0\< 1 >/O,
¢ (CHp)m ")

1

(6)

wherein

R,, R,, m, and I are as defined above.

The solid substrate includes any solid materials. The solid
material may be selected from the group consisting of sili-
cone, glass, and plastic materials. The solid substrate may
have any form. For example, the solid substrate may be 1n a
torm of sphere, plate, or may be amorphous, but 1s not limited
thereto.

According to an exemplary embodiment of the present
invention, 1n formula 6, R, and R, may be 1dentical or differ-
ent and each mdependently selected from the group consist-
ing of a—OH group and a —NH(CH,) Y group, wherein n
1s an mteger from 1 to 10 and Y 1s

~

—N
\=N

=\
\_ 7/

ar

R, 1s aC1-10 alkyl group, and I 1s an integer from 1 to 30,000,
a ratio of the —OH group to the —NH(CH,) Y group being
about 2:1.

The solid matenial for 1solating a nucleic acid according to
an embodiment of the present invention is positively charged
at the first pH and negatively charged at the second pH. In
addition, the solid material has a characteristic of rapidly
binding to the nucleic acid at the first pH and releasing the
nucleic acid at the second pH 1n a high efficiency. Thus, the
solid material can be usetul 1n 1solating the nucleic acid from
the sample.
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8

Hereinaftter, the present invention will be described in more
detail with reference to the following examples. However,
these examples are given for the purpose of illustration and
are not intended to limit the scope of the invention.

EXAMPLES

Example 1

Recovery of Nucleic Acid Using a Substrate Having
a Group of Formula 6 Immobilized Thereon

In Example 1, a substrate having a group of formula 6
immobilized thereon was prepared and DNAs were bound to
the substrate at a first pH and then, the nucleic acids were
recovered from the DNA-substrate complex at a second pH.

The group of formula 6 used in this Example has the
following formula:

R, R, R
:: (CHy)m-

wherein

(6)

|

R
%O

R, and R, may be 1dentical or difterent and each indepen-
dently selected from the group consisting of a —OH group
and a—NH(CH,),NH, group (control), 4-(aminomethyl)py-
ridinyl (test 1) or 1-(3-aminopropyl imidazolyl (test 2),

m 18 2, and
I 1s from 1 to 30,000.

In formula 6, a ratio of an amino group to a carbonyl group
in R, and R, was controlled according to conditions of the
reaction in which—NH(CH, ),NH,, 4-(aminomethyl)pyridi-
nyl or 1-(3-aminopropyl imidazolyl group was introduced.

Immobilization of the functional group having formula 6
on the substrate was performed as follows. First, a glass
substrate coated with an amino group (Corning GAPS glass,
Corning Corporation) was immersed 1n 200 mM (based on a
repeat unit) polyanhydride (Poly(ethylene-alt-maleic anhy-
dride)) (molecular weight (Mw)=100,000-500,0000) 1n
N-methyl-2-pyrolidone (NMP) at room temperature for 1
hour, and then the substrate was washed with acetone and
dried 1n a vacuum. The resultant glass substrate having poly-
anhydride bound thereto was immersed 1n ethylene diamine,
4-(aminomethyl)pyridine, or 1-(3-aminopropyl imidazole 1n
NMP (a molar ratio of ethylene diamine, 4-(aminomethyl)
pyridine, or 1-(3-aminopropylimidazole: H,O=4:6) at room
temperature for 1 hour, and then the substrate was washed
with acetone and dried. In the immersion, 400 mM of ethyl-
ene diamine, 4-(aminomethyl)pyridine, or 1-(3-aminopro-
pyDimidazole and 600 mM of water used.

A DNA having SEQ ID No. 1 labeled with Cy3 ata 5" end
position was reacted with each of the resultant two glass
substrates coated with the group of formula 6 at pH 3. The
reaction was performed by adding a 0.15 M sodium acetate
solution contaiming 1 uM of the DNA to a surface of each
ofthe substrates, covering the substrate with a cover, and
placing it at room temperature for 1 hour. After the reaction,
the substrates were washed with 0.15 M sodium acetate at pH

3
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and 7.9, respectively. Next, their fluorescent intensities were

determined using Axon scanner (GenePi1x company, U.S.A.)
at 532 nm (PMT 350). The results are shown 1n Table 1. A

glass substrate coated with a compound of formula 6 wherein

m 1s 2, I 1s from 1 to 30,000 and wheremn R, and R, are °
selected from the group consisting of hydroxyl and ethylene-
diaminyl groups (as prepared in Example 1) was used as a
control substrate.
TABLE 1 10
Fluorescent
Intensity
Substrate pH 3 pH 7.9 Recovery (%) 15
Control 17780 5995 66
Test 1 18606 2375 R/
Test 2 20126 1020 95
20

As shown 1n Table 1, the substrates of test 1 and test 2 had
a remarkably higher DNA recovery than the control substrate.

SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 1
<210>
<21ll>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 50

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION: primer

<400> SEQUENCE: 1

ggcctcactt cctggggtca tgaccccagg cctggaggcece tgcttcecectt

Example 2

Recovery of Nucleic Acids Using a Substrate Having

a Group of Formula 6 Immobilized Thereon 45
The experiment was performed 1n the same manner as in
Example 1, except that after the DNA was bound to each of
the substrates coated with the functional group of formula 6 at
pH 3, the pH of the substrates was changed to pH 7.9. 50
The fluorescent intensities were determined. The results
are shown 1n Table 2.
TABLE 2
FTuGres?ent 55
Intensity
Substrate pH 3 pH7.9 Recovery (%)
Control 1 16032 OR96 45
17767 8696
16900 9296 60
Test 1 18437 R707 59
17785 6073
18111 7390
Test 2 17893 315% 83
18543 2995
18218 3077 65

10

As shown 1n Table 2, the substrates of test 1 and test 2 had
a remarkably higher DNA recovery than the substrate of
control 1.

By using a method of 1solating a nucleic acid according to
the present invention, the nucleic acid can be more rapidly
1solated 1n a higher efficiency.

By using a solid substrate according to an embodiment of
the present mvention, a surface which can more rapidly 1so-

late the nucleic acid 1n a higher efficiency may be provided.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the

art that various changes 1n form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

50

What 1s claimed 1s:

1. A method of 1solating a nucleic acid from a sample
comprising the nucleic acid, comprising;:

contacting the sample with a bifunctional material contain-

ing an amino group and a carboxyl group at a first pH to
bind the nucleic acid to the bifunctional material, the
bifunctional material being positively charged at the first

PH: and

releasing the nucleic acid at a second pH which 1s higher
than the first pH,

wherein the bifunctional material has formula 1 or 2,

(1)

HN—A—NH

/ \

Y —(CH, ) (CHy ) n—Y,

wherein

n 1s an integer from 1 to 10,
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A 1s

COOH,
/

\ﬂ/ HOOC/ X
O

HOOC COOH
= I =
| X
AN A
O O
wherein X 1S
O, CO, S, SO,, CH,, C(CH;), or C(CF5),,

COOH

(wherein a carbonyl group and a carboxyl group may be
substituted on any carbon position except for a linking portion
of the rings),

O
O COOH, or ,
HOOC

COOH

HOOC
O
)

and

Y 1s a nitrogen-contaiming heterocyclic base,

Ry R Ry R
OX : %O OX ; zyog
( R37)

|

(2)

wherein

R, and R, may be 1dentical or difterent and each indepen-
dently selected from the group consisting of a —OH
group and a —NH(CH,), Y group, wherem n and Y are
as defined above,

R, 1s a C1-10 alkyl group, and
1 1s an 1nteger from 1 to 30,000.
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2. The method of claim 1, wherein the material has formula
1, wherein n 1s an integer from 1 to 10, A 1s

O O O
COOH or %\ .
HOOC HOOC COOH
O
and Y 1s
/ﬁ —
—N N
\vﬁﬁN Or \\ 47,

or formula 2, wherein R, and R, may be identical or different
and each independently selected from the group consisting of
a —OH group and a —NH(CH,) Y, wheremn n and'Y are as
defined above, R, 1s a C1-10 alkyl group, and 1 1s an integer
from 1 to 30,000.

3. The method of claim 1, wherein the releasing the nucleic
acid comprises 1solating a nucleic acid-bitunctional material
complex from the mixture and eluting the complex with a
solution having the second pH.

4. The method of claim 1, wherein the first pH 1s 2-3.5 and
the second pH 1s 5-10.

5. The method of claim 1, wherein the bifunctional material
has formula 2, wherein R ; and R, may be identical or different
and each independently selected from the group consisting of
a —OH group and a —NH(CH,), Y group, wherein n 1s an
integer from 1 to 10 and Y 1s

/~

—N
\tﬁﬁN or

—
\ /.

R;1sa C1-10alkyl group, and 1 1s an integer from 1 to 30,000,
a rat1o of the —OH group to the —NH(CH,), Y group being
about 2:1.

6. The method of claim 1, wherein the bifunctional material
1s a solid maternial having a group having formula 5 or 6
immobilized on a solid substrate,

()
— A—NH

\
(CHyn—Y,

wherein
n, A, andY are defined as in claim 1,

(6)
R

R R, R
O%%<;1 j>ﬁﬁo o%*<;1 j>#¢0,
t (CHy)m 5
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wherein

R,, R,, and 1 are defined as 1n claim 1, and

m 1s an mteger from 1 to 10.

7. The method of claim 6, wherein the solid substrate 1s
selected from the group consisting of silicone, glass, and
plastic materials.

8. The method of claim 6, wherein the releasing the nucleic
acid comprises 1solating a nucleic acid-bitunctional material
complex from the mixture and eluting the complex with a
solution having the second pH.

9. The method of claim 6, wherein the first pH 1s 2-3.5 and
the second pH 1s 5-10.

10. The method of claim 6, wherein in formula 6, R, and R,
may be 1dentical or different and each independently selected
from the group consisting of a—OH group and a—NH(CH,)
Y group, wherein n 1s an integer from 1 to 10 and Y 1s

= O\

R, 1saC1-10alkyl group, and 1 1s an integer from 1 to 30,000,
a ratio ol the —OH group to the —NH(CH,), Y group being
about 2:1.

11. A solid material having a group having formula 5 or 6
immobilized on a solid substrate,

()
— A—NH

(CHy)n—Y,

wherein
n 1s an iteger from 1 to 10, A 1s

O O O

)-l\ / ‘ COOH, ,,
HOOCJ/HH\ HOOC COOH
O
HOOC COOH
= =
|
—X
N N
O O

wherein x 1s O, CO, S, SO,, CH,, C(CH,), or C(CF;),,

o:< O
NN 3

HOOC—— I COOH

SN
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(wherein a carbonyl group and a carboxyl group may be
substituted on any carbon position except for a linking portion

of the rings),

O
O COOH, or ;
HOOC
COOH
HOOC
O
O
and
Y 1s a nitrogen-containing heterocyclic base,
Ry R R; R )
{ (CHZ)m :’1
wherein
R, and R, may be identical or different and each indepen-
dently selected from the group consisting of a —OH
group and a —NH(CH,), Y group, wherein n and Y are
as defined above,
R, 1s a C1-10 alkyl group, and
1 1s an integer from 1 to 30,000, and
m 1s an integer from 1 to 10; and wherein the solid material
having a group having formula 5 or 6 1s immobilized on

a solid substrate.

12. The solid material of claim 11, wherein the solid sub-
strate 1s selected from the group consisting of silicone, glass,
and plastic materials.

13. The solid material of claim 11, wherein in formula 6, R,
and R, may be 1dentical or different and each independently
selected from the group consisting of a —OH group and a
—NH(CH,), Y group, wherein n s an integer from 1 to 10 and

Y 1s

R;1sa C1-10alkyl group, and 1 1s an integer from 1 to 30,000,
a rat1o of the —OH group to the —INH(CH,), Y group being
about 2:1.

14. The method of claim 2, wherein the releasing the
nucleic acid comprises 1solating a nucleic acid-bifunctional
material complex from the mixture and eluting the complex
with a solution having the second pH.

15. The method of claim 2, wherein the first pH 1s 2-3.5 and
the second pH 1s 5-10.

~

—N
\=N
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